The aim of our investigation was to evaluate the immunosuppressive effect of medroxyprogesterone acetate (MPA) determining the volume densities of the structural components of the spleen. The volume densities of the same structural components of spleen were determined after administration of dexamethasone too, in order to see whether the morphological changes induced by MPA are in the same line with the changes caused by dexamethasone. 60 female Wistar rats were divided into 5 groups. The control group of rats was administered physiological solution. The remaining, 4 experimental groups were administered: dexamethasone at a therapeutic daily dose of 0.6 mg/kg bw and maximal therapeutic dose of 3 mg/kg bw, and MPA at a therapeutic dose of 30 mg/kg bw and maximal therapeutic dose of 150 mg/kg bw. The drugs were applied intramuscularly for 7 days. Spleen paraffin sections were stained according to the methods: hematoxylin-eosin, Masson and Elastica van-Gieson. Stereological measurements were performed by using the Weibl's multipurpose test system (M-42). The histological analyses of the structural components of the spleen in rats treated with dexamethasone and MPA have shown reduction of the white pulp and the marginal zone and an apparent decrease of the cellular density of the lymphocyte component of the pulp. The stereological analysis of the spleen showed significant decrease of the splenic pulp volume density and significant increase of the connective tissue volume density. Reducing the presence of splenic pulp was mainly due to the decrease in the volume density of all structural components of the white pulp. Changes were observed in all drug treated groups of rats. Our results have shown that the MPA provoked changes suggested atrophy of the spleen lymphoid tissue. Although the atrophic changes of the spleen were significant after the application of both dexamethasone and MPA, the white pulp was significantly more sensitive substrate for dexamethasone than for the MPA.
Introduction
One of the important ways for regulation of the immune response is an endocrine regulation which may be aimed at the stimulation or depression of the immune system. The central role in the immune-endocrine correlations occupy glucocorticoid hormones [1] [2] [3] [4] . Some of the synthetic glucocorticoids express the immunomodulating effect, too. It is estimated that the effect of dexamethasone is 30 times stronger than the effect of the endogenous cortisol [2, 3] .
All gestagens including medroxyprogesterone acetate (MPA) have structural similarities with the glucocorticoid hormones and many studies show their glucocorticoid action [5, 6] . MPA is metylacetoxyprogesterone and its chemical formula is 6α-metyl-acetoxy pregn-4-en-3, 20 dion and is derived from 17α-hydroxyprogesterone by addition of the 6α-acetate group. This is of particular importance as it is believed that the configuration of the steroid hormones is crucial for their immunosuppressive activity. The structural comparisons suggest that the C-19 and C-21 steroids that exhibit the most pronounced suppressive effect possess 4-en-3-one configuration in ring A, and this suppressive activity increases with the C-17α substitution as in 17α-hydroxiprogesterone [7] . Also, a prerequisite for the glucocorticoid activity of the steroid compounds is the presence of 6-alpha methyl group in its structure. This group is also contained in the MPA. Because of the structural similarities that exist between glucocorticoid and progestin hormones, authors have often conducted comparative studies comparing the two types of hormones or have made an attempt for hierarchical ordering in terms of their glucocorticoid and immunosuppressive effect [8, 9] .
The experimental induction of the dexamethasone immunosuppression in rabbits demonstrated lymphopenia, eosinopenia, monocytopenia and basopenia in the peripheral blood [10] . The investigations on the larger lymphoid organs have reported that dexamethasone treatment causes apoptosis of thymocytes [11] [12] [13] , but the effect on the lymphocytes from spleen, mesenteric and popliteal lymph nodes was less pronounced [10] . Some progestins as MPA do not cause atrophy, or other abnormalities of some large lymphoid organs (spleen) and the lymphoid tissue remains unchanged morphologically [14] . However, other authors observed that the therapeutic doses of MPA cause suppressing effects expressed in the lymphoid tissues and the organs [15] [16] [17] [18] . Also, experimental studies conducted with contraceptive doses on mice show that the impact of the MPA is not limited to the genital system, but MPA has a significant impact on the immune system in terms of its weakening by increasing the possibility of spreading infections [19] .
Despite the large number of physiological researches, quantitative morphological studies of the effect of MPA on the immune tissues and organs are missing.
Thus, the aim of our study was to determine and quantify eventual morphological changes of spleen after MPA treatment, and then to answer whether these changes are similar to the changes caused by dexamethasone treatment.
Material and methods

Experimental animals
Experimental animals are an important tool in the evaluation of the effect of drugs. As a laboratory model, laboratory rats have substantial equity in dimensions and genotype, and have low incidence of spontaneous disease. These features of the laboratory rats allow reliable comparisons between the experimental groups resulting in exceptional validity of the data obtained [20, 21] . That's why we chose the laboratory Wistar rats and used them as a model for assessment of the immunomodulatory effects of dexamethasone and MPA.
The experiment was performed with female rats, because MPA is commonly used in women for many indications especially for contraception and for the treatment of endometrial and breast cancer [22] [23] [24] .
The age of the rats was 110 to 160 days. It is the age at which they reach sexual maturity and have normal production of endogenous steroid hormones from the sex glands. The age of rats corresponds to the mature woman between twenty to thirty years old. At that age the enzyme systems of rats are developed enough to be able to normally metabolize the test drugs.
The environmental factors that could influence the results of the experiment were strictly controlled. The experiment was conducted during all seasons that allow off stress caused by seasonal variations.
Rats were housed in a room without huge temperature variations and normal day-night rhythm of the natural light. They were fed with special food for rats and it hygienic drinking water was provided. Ammonia is the most common toxin found in air in the premises where rats are stored, so it was constantly disposed of with adequate ventilation.
The animal protocol was approved by the Ethical Committee for Animal Experiments of the Faculty of Medicine, Skopje, part of the University "Ss. Cyril and Methodius".
Solutions and drugs used in the experiment
The following solutions and drugs were used in the experiment:
 Saline (infusion solution) sterile apirogen, product of Hemofarm, Vrsac, Serbia;  Dexamethasone, vials with concentration 4 mg/ml, manufactured by Krka, Novo Mesto, Slovenia;  Dugen forte, vials containing 500 mg MPA/3.3 ml (aqueous suspension of MPA in a concentration of 150 mg/ml) manufactured by Hemofarm, Vrsac, Serbia;  Ether (diethyl ether), molar mass 74.12 g/mol, product of Merck, Germany.
Treatment of rats
The experiment included a total number of 60 rats divided into 5 groups, each one consisting of 12 animals.
 The control group of rats was given physiological solution.  The first experimental group was administered dexamethasone at a therapeutic dose of 0.6 mg/kg bw.  The second experimental group was administered dexamethasone at a maximal therapeutic dose of 3 mg/kg bw.  The third experimental group was administered MPA at a therapeutic dose of 30 mg/kg bw.  The fourth experimental group was administered MPA at a maximal therapeutic dose of 150 mg/kg bw. The therapeutic doses of dexamethasone and MPA correspond to the doses that have been usually applied in therapeutic purposes and the maximal therapeutic doses are the highest doses that have been applied for treatment.
The doses of dexamethasone and MPA which were used in our experiment were adapted specifically for the rats. Also, the therapeutic dose dexamethasone is equivalent to the therapeutic dose MPA, and the maximal therapeutic dose dexamethasone is equivalent to the maximal therapeutic dose MPA.
The required concentrations of dexamethasone and MPA were obtained by diluting the products of the drugs with saline.
The method of application of drugs in rats was intramuscular, determined by the usual method of application in humans. The saline and drugs were applied with a volume of 0.1 ml every day for 7 days.
Sacrifice of rats
The animals were sacrificed 24 hours after application of the final injection of saline or drug after anesthesia with ether. After the opening, the anterior abdominal wall spleens were removed with blunt tweezers and measured with precision electronic scales.
Histological methods
The removed spleens were fixed in buffered 10% formalin solution for 24 hours. After the fixation, other procedures of histological paraffin technique were performed on tissue samples. The spleen paraffin sections with thickness of 4 µm were stained by routine hematoxylin-eosin stain, as well as the special stains Elastica van Gieson and Masson's trichrome stain, in order to precisely visualize both the parenchyma and connective tissue enabling qualitative histological analysis and exact stereological measurements.
The quantitative stereological method allows three-dimensional interpretation of the flat surfaces (intersection points) assisted by the criteria of geometrical probability [25, 26] .
The stereological measurements were done using light microscope (Olympus model CX21FS1, manufactured by Olympus Corporation, Tokyo, Japan) with built-in Weibel's multipurpose test system M-42 which has 42 test points. The volume density of the investigated tissue phases (Vvf) was determined using the following formula:
where Pf is the number of points that coincide with the examined phase and Pt is the number of points of the test system.
Vvf is a relative stereological value which shows the size of the total space that belongs to the examined phase. If the obtained value is multiplied with 100, the result gives the percent of the examined phase per space unit. The number of reference fields where we performed the stereological measurements was at least 100, which means that at least 4,200 test points for each spleen were determined.
The quantitative data obtained with the stereological analysis were statistically analy-zed with the Student's t-test (statistical significance 0.05 level).
Results
The qualitative histological analysis of the spleen samples in the control group of rats has shown a thin but dense fibroelastic outer capsule from which short trabeculae extend into the parenchyma. These supporting tissues (capsule and trabeculae) included a marked presence of smooth muscle cells and collagen fibers scantily represented (Fig. 1 a) . The splenic white pulp in the control group of rats was characterized by clearly differentiated T cell areas surrounding the central arteries, forming periarteriolar lymphoid sheath (PALS). Also, there was a clear differentiation of the lymphoid follicles. Many of the follicles exhibit germinal centers with present mitoses.
At the follicle periphery there was a mantle zone beyond which there was a broader marginal zone. The marginal sinus was also clearly differentiated. The boundary between the white and the red pulp was well expressed. The ratio of presence of white and red splenic pulp was common (Fig. 2 a) . The histological analysis in the drug treated groups of rats showed that the application of dexamethasone and MPA, provoked very similar morphological changes of the spleen tissue, therefore qualitative histological analysis of all experimental groups will be presented together with the emphasis on the properties specific to individual groups.
After dexamethasone and MPA administration in therapeutic and maximal therapeutic doses it was observed that the surface of the spleen (and capsule) was picked and trabeculae had irregular deployment. As for the structural components of the capsule and trabeculae smooth muscle cells reduction and collagen fibers dominance was noticed in all experimental groups when compared with the control group of rats (Fig. 1) .
The qualitative histological analysis of the spleen parenchyma showed irregular, chaotic schedule and unclear differentiation of the spleen tissue compartments. The lymph follicles were rarely represented and had smaller dimensions. They were in a phase of involution meaning that they have poorly formed (inactive) germinal centers in which mitoses can be rarely seen. In the majority of the lymph follicles the germinal centers did not exist. Complete absence of germinal centers in lymph follicles in all samples of spleen tissue was observed only after the administration of dexamethasone at a maximal therapeutic dose of 3 mg/kg bw. As for the density of the immunocompetent cells, a reduced density of the lymphocytes in the white pulp was observed and, also, an appearance of lymphocyte depletion. At some places the white pulp of the spleen was characterized by disruption of its normal cytoarchitecture. A loss of the clear boundary between the individual components that make the white pulp was noticed. The marginal zone was reduced in thickness. The red pulp was represented by narrowed cords of cells and broad venous sinusoids between them. The presence of white and red pulp was subject to change as manifested by the reduced presence of the white pulp in favor of the red pulp (Fig. 2) .
The statistical analysis of the spleen weight showed a significant reduction in rats treated with therapeutic and maximal therapeutic dose of dexamethasone (p < 0.01) and the maximal therapeutic dose of MPA (p < 0.05) when compared with the control group. The administration of the therapeutic dose of MPA led to some reduction in the spleen weight, but it was not statistically significant (Table 1 and Table 2 ). The quantitative stereological analysis of the spleen tissue showed significant decrease of the splenic pulp volume density (p < 0.01) and significant increase of the connective tissue volume density (p < 0.01) in all groups of drug treated rats when compared with the control group. Reducing the presence of the splenic pulp is mainly due to the decrease in volume density of all structural components of the white pulp (PALS, lymph follicles and its` germinal centers and mantle zones). The volume density of the marginal zone was also reduced in all groups of drug treated rats (p < 0.01). Contrary to the volume density of the white pulp and the marginal zone, the volume density of the red pulp was significantly increased in all groups of drug treated rats (p < 0.01); (Table 3 and Table 4 ). By comparing the reactive changes of the structural components of the spleen after the application of the therapeutic equivalent doses of dexamethasone and MPA, the stereological analysis showed that the two drugs did not cause significant mutual difference in the volume density of the total parenchyma (pulp), connective tissue, PALO and marginal zone. However, when comparing the volume density of the remaining structural components of the splenic tissue, a significant difference of the reactive changes was registered. This comparison showed that the therapeutic dose of dexamethasone caused more pronounced reduction of the volume density of the lymph follicles (germinal centers and mantle zone) and a significant increase in the red pulp (Table 5 ). A comparison of the effects of the maximal therapeutic dose of dexamethasone and the maximal therapeutic dose of MPA showed that the two drugs did not cause significant mutual difference in the volume density of the total parenchyma (pulp) and the connective tissue. However, the maximal therapeutic dose of dexamethasone provoked significantly stronger suppressive effect on all structural components of the white pulp and the marginal zone. Significant reduction in these two cell compartments resulted in an increased volume density of the spleen red pulp (Table 6 ). 
Discussion
The histological analysis of the spleen is particularly important because it gives insight to the presence of the spleen structural components that make the cell potential on which depends its defensive function. The normal spleen structure and the normal presence of the different tissue spleen compartments indicate nor-mal functional condition of this immune organ. The proliferative processes and the increase of the lymphocytes cell potential, with the emergence of active lymph follicles that possess germinal centers, correlated with the increase in the defense capabilities and suggest stimulation of the immune system. Conversely, the atrophic spleen processes suggest reducing its cellular defense potential, which means the occurrence of condition of immunosuppression.
The results of our study showed that a crucial change in the spleen structure after the administration of dexamethasone is an outstanding reduction of the functional lymphocyte cell potential, that is, in terms of immunosuppression. These present findings are consistent with numerous studies that confirm the immunosuppressive activity of dexamethasone [2, 4, [10] [11] [12] [13] 27] .
The histological analysis of the spleen in the groups of rats treated with MPA showed that the structural changes in the spleen tissue caused by MPA were almost identical to those caused by the administration of dexamethasone. The only difference was that dexamethasone caused a more pronounced structural changes in the spleen tissue. This fact was particularly evident comparing the presence of germinal centers in the lymphoid follicles which showed that only dexamethasone administered at maximal therapeutic dose completely suppress the appearance of the germinal centers. However, the dominant change in the spleen morphology caused by MPA was aimed at reducing the lymphocyte cell potential or immunomodulation in terms of immunosuppression.
Very similar to our findings were published after the MPA administration in rabbits. The results demonstrated that MPA caused depletion of the lymphoid splenic tissue. This phenomenon, induced by corticoid action, supported the immunosuppressive properties of the drug, which prolonged the survival of some allografts and lowered the antibody response to different antigens [28] .
Reducing the lymphocyte density and the reduction in the white pulp volume density may be due to the lymphocyte arrest, because one of the main features of the steroid hormones is their ability to inhibit the proliferative response of lymphocytes after exposure to mitogenic substances [8, 27, 29] .
The first data about the effect of MPA on the lymphocyte proliferative response to mitogenic substances showed that MPA has a significant inhibitory effect only when used in a proper concentration [30] .
The quantification of the inhibitory effects was performed by determining the percentage of reduction of the thymidine incorporation into DNA in the peripheral blood lymphocytes of the rams. Comparing the effects of progestins shows that the greatest reduction causes 17-hydroxyprogesterone (-59%, i.e. reduced by 59% compared with the vehicle control, 100%), while MPA reduces thymidine incorporation into DNA approximately -24% [31] . However, some studies suggest that MPA severely reduces the proliferative response of the peripheral blood lymphocytes depending on the amount of the dose [11, [32] [33] [34] .
The MPA ability to inhibit the proliferative activity of the immunocompetent cells suggests that MPA can interfere with normal mitotic cell division. It is thought that the inhibition of cell growth caused by MPA may be due to its power to prolong the G-2 phase of the mitotic cell cycle [35] . Also, the antimitotic activity was accompanied via significant inhibition of the occurrence of giant cell formation when incubating peripheral blood monocytes from the patients with breast cancer [36] .
Apart from the fact that the reason for the reduced white pulp volume density and the reduced lymphocyte density can be lymphocyte arrest, this phenomenon could also be due to the activation and acceleration of apoptosis of the immunocompetent cells [37] [38] [39] .
Glucocorticosteroids (including dexamethasone) as inducers of apoptosis have been published in numerous scientific studies that have studied the mechanisms by which glucocorticoids can induce programmed cell death. These mechanisms are analyzed in proliferating and non-proliferating thymocytes. Common to the different pathways of the apoptotic process is the binding of the glucocorticoid receptor and the corresponding modification of the expression of specific genes [3, [10] [11] [12] [13] 38] . However, it is important that all steroids having glucocorticoid properties do not have the ability to perform the induction of the DNA fragmentation in apoptosis characteristic way [40] .
Our results showed that the morphological features of the lymphoid tissue after application of MPA are almost identical to those after the application of dexamethasone. In both cases, a decrease in the density of lymphocytes and a lymphocyte depletion phenomenon were registered, without the presence of ambient inflammatory response that is characteristic for cells dying by apoptosis [41] [42] [43] . Therefore, this finding suggests that MPA may conduct remodeling of the lymphoid organs by apoptosis.
Most physiological and histological studies confirmed glucocorticoid activity of the MPA, that is, the MPA treatment resulted in increased plasma FSH concentration, increased IGF-1 secretion, and suppressed hypothalamicpituitary-adrenal axis and reduction of the thickness of the zona fasciculata and reticularis of the adrenal cortex [5, 6, 14, 44] .
Previous morphological studies performed on Wistar rats showed that the intramuscularly dexamethasone treatment caused a significant decrease in the volume density of the thymic parenchyma, and especially sensitive substrate for the action of dexamethasone was the cortex of the thymus [4] . The structural changes observed in the thymus after the intramuscularly administration of MPA showed almost identical histological changes observed after the dexamethasone treatment [4, 18] .
Also, it was recognized that the contraceptive depot MPA causes selective glucocorticoid activity and can alter the expression of the glucocorticoid receptor regulated genes. The investigation of the contraceptive doses of the depot MPA in two different murine Mycobacterium tuberculosis models altered the serum cytokine levels of the tumor necrosis factor-α, granulocyte colony-stimulating factor and interleukin 10. Also, the depot MPA altered granulocyte-macrophage colony-stimulating factor and the monocyte chemotactic protein 1. All the above alterations in mice led to higher bacterial load in their lungs [19] .
Studies on the effects of MPA in humans infected with Mycobacterium tuberculosis showed that MPA exhibits glucocorticoid action and the ability to suppress the immune response [45] . Therefore, it was assumed that pharmacological doses of MPA, used for endocrine therapy could have significant immunomodulatory effects.
The experimental studies conducted on rabbits showed that in the thymus, dexamethasone led to marked reduction of the relative and absolute numbers of CD4(+)CD8(+) thymocytes [10] . To identify which cell types MPA might act on in order to modulate the autoimmune responses, the activation of spleen leukocytes was examined. Although the results of these trials showed a tendency to decreased numbers of spleen myeloid dendritic cells, plasmocytoid dendritic cells, T cells and B cells, the changes were not statistically significant. However, B cells showed significantly higher expression of CD40, a molecule important for B cell isotype class switching and germinal center formation. Unlike the finding with dendritic cells, there was no difference between the treatment groups in B cell expression of CD86. The final conclusion was that there were no differences in the expression of the activation marker CD69 on either CD4+ or CD8+ spleen T cells. These data tend toward the MPA ability to modulate the autoimmune responses in part through its effects on dendritic cells and suggest that high doses of depot-MPA have immunosuppressive effects [46] .
Our results tend towards all previously discussed findings, because they clearly indicate that MPA exhibits immunosuppressive effect on the spleen tissue.
Contrary to all previously mentioned facts, there are still scientific papers that are contradictory to the previously described findings and views. However, it should be noted that most authors are convinced of the glucocorticoids and the immunosuppressive activity of MPA [5-7, 14, 28, 31, 47-49] against those who support the opposing option [50] [51] [52] .
Conclusion
The results obtained in this investigation have shown that 7-day administration of medroxyprogesterone acetate (at a therapeutic dose of 30 mg/kg bw or maximal therapeutic dose of 150 mg/kg bw) provoked significant reduction of the volume density of all structural components of the white pulp and the marginal zone. These changes suggested atrophy of the spleen lymphoid tissue. Although the atrophic changes of the spleen were significant after application of both dexamethasone and medroxyprogesterone acetate the white pulp was significantly more sensitive substrate for dexamethasone than for MPA. Целта на нашето истражување беше да се процени имуносупресивниот ефект на медрокси-прогестерон ацетатот (МПА) преку одредување на волуменската густина на структурните компо-ненти на слезината. Исто така, волуменските гус-тини на истите структурни компоненти на слези-ната беа одредени и по администрација на декса-метазон, со цел да се процени дали морфолошките промени предизвикани од МПА се во иста насока со промените предизвикани од дексаметазонот.
Во пет групи беа поделени 60 женски ста-орци вистар. Контролната група стаорци при-маше физиолошки раствор. Останатите четири експериментални групи примаа: дексаметазон во терапевтска дневна доза од 0.6 mg/kg тт и максимална терапевтска доза од 3 mg/kg тт, и МПА во терапевтска доза од 30 mg/kg тт и мак-симална терапевтска доза од 150 mg/kg тт. Ме-дикаментите беа аплицирани интрамускулно во тек на седум дена. Стереолошките мерења беа извршени со употреба на Weibl-ов мултинамен-ски тест-систем (М-42).
Хистолошката анализа на структурните компоненти на слезината кај стаорците трети-рани со дексаметазон и МПА покажаа редукција на белата пулпа и маргиналната зона и видлив пад на клеточната густина на лимфоцитната ком-понента на пулпата. Стереолошката анализа на слезината покажа значајно намалување на волу-менската густина на нејзината пулпа и значајно зголемување на волуменската густина на сврз-ното ткиво. Намалената застапеност на пулпата на слезината се должеше, главно, на намалува-њето на волуменската густина на сите структурни компоненти од белата пулпа. Промените беа ре-гистрирани кај сите медикаментозно третирани групи стаорци.
Нашите резултати покажаа дека МПА предизвикува промени што сугерираат атрофија на лимфоидното ткиво на слезината. Иако атро-фичните промени на слезината беа значајни по апликација и на дексаметазон и на МПА, белата пулпа беше значајно посензитивен супстрат за дексаметазон отколку за МПА.
Клучни зборови: слезина, стаорци вистар, стерео-лошка анализа, дексаметазон, медроксипрогестерон ацетат.
